WORLD INmLECTUAL PRQPERTy ORGANIZATION 
Intemational Bureau 




INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT C!OOPERAT[ON TREATY (PCT) 



(51) IntematiMul Patent ClasdOcatloii ^ ; 
A61N lAlO, A(1B n/39, A61N 5/04 


A2 


(11) International Publication Nnmboi VfO 97/D6855 
(43) International Publication Date: 27 Februaxy 1997 (27.02.97) 


(21) iDtemational Application Number: PCT/US96/13409 

(22) Inteniational FiUng Date: IS August 1996 (15.08.96) 

(30) Priority Data: 

Oa^ 15379 15 August 1995 (15^8.95) US 

(71) Applicant (fir all designated States except US): RTTA MED- 
ICAL SYSTEMS. INC [USOJS]; 967 North Shofdine 
Boulevard, Mountain View, CA 940^ (US). 

(7Q Inventors; and 

(75) Inventors/Ai^Ucants (fir US <mfy): GOUOH, Edwaxd, J. 
[GBAJS]; 31 Addison Way. Menlo Paik. CA 94025 <US)l 
STBIN, Alan. A. [US/US); 649 Lancaster Boulevard. Moss 
Bcadi, CA 94038 (US). 

(74) Agent: DAVIS. Paul: WHson. Sonsini. Goodiidi & Rosati. 650 
Page MUl Road. Palo Alto, CA 94304-1050 (US). 


(81) Designated States: AL. AM, AT. AU. AZ. BB. BO, BR. BY. 
CA, CH, CN, CU, CZ. DE. DK, EE, ES.FI, GB. GE. HU. 
IL, IS. JP, KE. KG, KP, KR. KZ, LK. LR. LS. LT. LU, LV, 
MD, MG. MK, MN. MW, MX. NO, NZ, PL, PT, RO, RU, 
SD. SE, SG. SI, SK, TJ, TM, TO, TT, UA. UG. US, UZ. 
VN. ARIPO patent (KE, LS, MW. SD, SZ, UG), Eurasian 
patent (AM, AZ, BY, KG, KZ. MD. RU. TJ. TM), European 
patent (AT. BE. CH. DE, DK, ES. FI. FR, GB, GR. IB, IT. 
LU. MC. NL, PT, SE). OAPl patent (BF. BJ, CF. CG. O. 
CMi GA, ON. ML. MR. NE. SN. TD. TG)l 

Published 

WiUiout intemational search repm and to be repubHshed 
upon reedpt of that report. 
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An ablation appaiatus includes a 
handpiece, an electrode extending ftom a 
handpiece distal end. a probe, a theimal 
sensor and an energy source. The elec- 
trode hidudes a distal end and a hunen. a 
cooUng medium utlet conduit and a cool- 
hig medium exit conduit Bodi conduits 
extend dux>ugh the electrode lumen to an 
electrode distal end. A sidewall port, bo- 
lated ftom a cooUng medium flowmg in 
the inlet and oudet conduits, is foimed In 
die electrode. The probe is at least par- 
daily posidoned in the electrode lumen and 
configured to be advanced and retracted in 
and out of die sidewall aperture. The ther- 
mal sensor is supported by dte probe. Hie 
dectrode is coupled to an eneigy source. 
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APPARATUS FOR AUATION OF A SELECTED MASS 

Reference to Reiatftd Appij^tinn 

This appUcation daims priority to U.S. Patent AppUcation No. 
08/515,379. filed August 15, 1995, entided "Multiple Antenna Abhtion 
Apparatus", by Goi^gli, et al.. incmporated herein by reference. 

BAngnnnTTisin ni? TwvpMTff)] ^ 

This invention relates generaUy to an apparatus for the treatment and 
ablation of body masses, such as tumors, and more particulariy, to an apparatus 
with a plurality of dectrodes. 

Descrintion nf tha Rriat^f 

Current open procedures for treatment of tumors are extremely disruptive 
and cause a great deal of damage to healthy tissue. During the surgical procedure, 
the physician must exercise care m not cutting the tumor in a manor that creates 
seeding of die tumor, resulting in metastasis. In recem years, development of 
products has been directed with an emphasis on mimmiziqg the traumatic nature of 
traditional sui]gical procedures. 

There has been a relatively significant amount of activity in the area of 
hyperthennia as a tod for treatment of tumors. It is known that elevating the 
temperature of tumors is helpfiil in the treatment and management of cancerous 
tissues. The mechanisms of selective cancer ceU eradication by hyperthennia are 
not completely understood. However, four ceUular effects of hyperthermia on 
cancerous tissue have been proposed, (i) changes in ceU or nuclear membrane 
permeability or fluidity, (ii) cytoplasmic lysomal disintegration, causing release of 
digestive enzymes, (iii) protein dieraial damage affecting ceU respiration and die 
symhesis of DNA or RNA and (w) potential excitation of immunologic systems. 
Treatment mediods for applying heat to tumors include die use of direct contact 
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radio-frequency (RF) applicators, microwave radiation, inductively coupled RF 
fields, ultrasound, and a variety of simple thermal conduction tedmiques. 

Among the problems associated with aU of these procedures is the 
requirement that highly localized heat be produced at depths of several centimeters 
beneath the surfiice of the skin. Certain techniques have been developed with 
microwave radiation and ultrasound to focus energy at various desired depths. RF 
applications may be used at depth during surgeiy. However, the extent of 
localization is generally poor, with the result that healthy tissue may be harmed. 
Induction heating gives rise to poor localization of the incident energy as welL 
Although induction heating may be achieved by phdng an antemia on the suifice 
of the body, superficial eddy currents are generated in the immediate victntty of 

the antemia, when U is driven using RF cunent. and unwanted surfece heating 
occurs with Bttle heat delivered to the underiying tissucL 

Thus, non-invasive procedures for providing heat to internal tumors have 
had difibulties in achieving substantial specific and selective treatment. 

Hyperthermia, which can be produced from an RF or microwave source^ 
appfies heat to tissue, but does not exceed 45 degrees C, so that normal cells 
survive. In thermotherapy, heat eneirgy of greater than 45 degrees C is appUed 
resulting in histological damage^ desiccation and the denaturization of proteins. 

Hyperthennia has been appfied more recently for therapy of mafignant tumors. Li 
hyperthermia, it is desirable to induce a state of hyperthermia that Is localized by 
interstitial current heating to a specific area while concurrently insuring minimum 
thermal damage to healthy surrounding tissue. Often, the tumor is located 
subcutaneously and addressing the tumor requires either surgeiy. endoscopic 
procedures or external radiation, ft is difficult to externally induce hyperthermia in 
deep body tissue because current density is dihited due to its absoiption by healthy 
tissue. Additionally, a portion of the RF energy is reflected at the musde^fitt and 
bone interfiuxs which adds to the problem of depositing a known quantity of 
energy direcdy on a small tumor. 

Attempts to use interstitial local hypertiiermia have not proven to be very 
successfiU. Results have often produced nonuniform temperatures tiiroughout tiie 
tmm. h is believed tiiat tumor mass reduction by hypertiiermia is related to 
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thermal dose. Thermal dose is the mininnun efiBwth« temp^^ 
throughout the tumor mass for a defined period of time. Because blood flow is 
the major mechanism of heat loss for tumors being heated, and blood flow varies 
throughout the tumor, more even heating of tumor tissue is needed to ensure 
effective treatment 

The same is true for ablation of the tumor itself through the use of RF 
energy. Different methods have been utilized for the RF ablation of masses such 
as tumors. Instead ofheating the tumor it is aWated through the application of 
energy. This process has been difl&ult to achieve due to a variety of fiwtors 
including, (i) positioning of the RF ablation electrodes to effectively ablate aU of 
the mass. Cn) introduction of the RF ablation electrodes to the tumor site and 
(iu) controlled defivery and monitoring of RF energy to achieve successful ablation 
without damage to non>tumor tissue. 

There have been a number of difierent treatment methods and devices for 
minimally invasivdy treating tumors. One such example is an endoscope that 
produces PF Iqperthennia in tumors, as disclosed in U.S. Patent No. 4,920.978. 
A microwave endoscope device is described in U.S. Patent No. 4,409,993. In 
U.S. Patent No. 4,920.978, an endoscope for RF hyperthermia is disclosed. 

InU.S. Patent No. 4,763,671 (the "'671 patent'X a mhumaUy invasive 
procedure utilizes two catheters that are inserted interstitially into the tumor. The 
catheter inchides a hard photic support member. Around the support member is a 
conductor m the form of an open mesh. A layer of insulation is secured to the 
conductor with adheswe beads. It covers aU of the conductor except a preselected 
length which is not adjustable. Diflferent size tumors cannot be treated with the 
same electrode. A tubular sleeve is introduced into the support member and 
houses radioactive seeds. The device of the '671 patent fiiils to provide for the 
introduction of a fluidics medhun, such as a chemotherapeutic agent, to the tumor 
for improved treatment. The size of the electrode conductive sur&ce is not 
variable. Additionafly. the device of the '671 patent is not capable of maintaining a 
preselected level of power that is independent of changes in voltage or current. 

In U.S. Patent No. 4.565.200 (the ""200 patent"), an electrode system is 
described in which a smgle entrance tract cannula is used to introduce an electrode 
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into a selected body site. The device of the '200 patent is Imuted hi that the snigle 
entrance tract fails to provide for the mtroduction, and removal of a wiety of 
inserts, including but not limited to an mtroducer, fluid infiision device and 
msulation sleeve. Additionally, the device of the -200 patent Ms to provide for 
the maintenance of a selected power independent of changes in cunent or vohage. 

There is aneed for a method and apparatus which is introduced imo or 
adjacent to »tumor or other sofid mass, and a phirality of electrodes an around 
the tumor or solid mass. 



Accordingly, h is an object of the invention to provide an ablation device 
that fa mtroduced into a body and mchides multiple electrodes or antennas. 

Another object of the Invention to provide an ablation device that is 
introduced mto a body which mchides multiple electrodes or amemias deployed 
fix>m an mtroducer to surround a selected mass to be ablated. 

Yet another olject of the invention is to provide an abUtion device with 
multiple deployed electrodes or antennas that indudes feedback control. 

Still a fiirther object of the invention is to provide an abhttlon device with 
multiple deployed electrodes or antennas tiutt inchides one or more thermal 
sensors. 

Anotiier olject of tiw invention is to provide an ablation device with 
multiple deployed electrodes or antennas tiiat inchides a cooling means. 

Still anotiier olgect of tiie mvention is to provide an abhdon device with 
multiple deployed electrodes or antennas which do not impede out. 

These and other objectives are achieved in an ablation apparatus that has a 
handpiece, an electrode extendmg from a handpiece distal end, a probe, a thennal 
sensor and an eneigy source. The electrode includes a distal end. a lumen, a 
cooling medium inlet conduit and a oooUng medium exit conduit. Both conduits 
extend tiirough tiie electrode himen to an electrode distal end. A sidewall port, 
isolated from a cooUng medhim flowing in tiie inlet and outiet conduits, is formed 
in tiie electrode. The probe Is at least partially positioned in tiie electrode lumen 
and configured to be advanced and retracted in and out ofthe sidewall port. The 
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thermal sensor is supported by the probe. The electrode is coupled to an energy 
source. 

BRIEF DRSTBTPTfON OF THB ptottp^s 
Figure 1 is a cross-sectional view of the ablation apparatus of the present 

invention ilhistrating an dectrode with a hunen, a cooling medhim inlet c^ 
cooling medium outlet conduit and two probes extending from sidewaU ports 
fonned m the hmien. 

Figure 2a is a cross-sectional view of the closed loop distal end of the two 
cooling medhim conduits of Figure 1. 

Figure 2b is a perspective view of a conic geometric ablation achieved with 
the apparatus of Figure 1. 

Figure 2(c) is a cross-sectional view of the primaiy antenna with a closed 
distal end and a cooling element positioned in a central hmen of the primary 
antenna. 

Fi^ 2(d) is a cross-sectional view of the primaiy antenna with an open 
distal end and a elongated coolmg element positioned in the central lumen of the 
primary antenna. 

Figure 2(e) is distal end view of the apparatus of Figure 2(d). 

Figure 2(0 is a cross-sectional view of tiie apparatus of Figure 2(d) taken 
along the lines 2(0 -2(f). 

Figure 3a is a perspective view of the multiple antenna ablation apparatus 
of tite present invention with two secondary antennas deployed into the selected 
tissue mass. 

Figure 3b is a cross-sectional view of another embodiment of the closed 
loop distal end of tiie two cooling medium conduits. 

Figure 4 is a cross-sectional of Figure 1 taken along the lines 44. 

Figure 5 Ulustrates tiie creation of a 4 cm spherical ablation volume, witii 
one sensor positioned at the peripheiy of the ablation volume, and a second sensor 
positioned on tiie probe midpoim between tiie electrode and tiie distal end of tiie 
probe. 

Figure 6(a) is a pospective view of the ablation apparatus of the present 
mvention iUustrating two probes extending from a distal end of tiie electrode. 
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Figure 6(b) is a perspective view of tlie multiple antenna ablation of the 
present invention iUustratingtwo antomas vMdk provide a retaimng and gripping 
function. 

Figure 6(c) is a perspective view oSHit multiple antenna ablatim of tiie 
5 present invoition illustrating tiiree secondary antennas wfaich pro>dde a retainii^ 

and gripping fimctioa 

figure 6(d) is a cross-sectional view of tiie apparatus of Figure 6(c) taken 
along the lines 6(d)-6(d). 

Figure 7 is a perspective view of the distal end of tiK electrode of ti» 
10 Prw«t invention witii probes extending fiom a distal end of an insulati^ 

figure 8 is a perspective view (rf* tiie ablation apparatus of tiie present 
invention iUustrating tiie deployment of four probes fiom tiie electrode. 

Figure 9 is a block diagram iOustrating tiie inclusion of a controUer, energy 
source and otiier electronic components of the present mventioa 
15 Figure 10 is a cross-sectional vkm of tiie ablation apparatus of tiie present 

mvention ilhistrating an dectrode witii a lumen, a cooling medium inlet conduit, a 
cooling medium outiet conduit and two probes extending from sidewall ports 
formed in the lumen. 

Figure 1 1 is a cross-sectional view of tiie closed loop distal end of tiie two 
20 coofing medium condints (^Figure 10. 

Figure 12 is a ooss-sectional view of anotiier embodiment of tiie closed 
loop distal end of the two coolii^ medium conduits. 

Figure 13 is a cross-sectional of Figure 12 taken along tiie lines 4-4. 

Figure 14 iOustrates tiie creation of a 4 cm spherical ablation vohime, witii 
25 on« sensor P«»itioned at tiie periphery ofti» ablation volume, and a second sensor 

positioned on tiie probe midpoint between tiie electrode and tiie distal end of tiie 
probe. 

figure 1 5 is a block diagram ilhmreting a feedback system usefiil ton 
cottrol tiie temperature of energy ddtvering electrodes. 

^>8nre 16 iUustrates a drcuit usefiil to in^lemem tiie feedback system of 
Figure IS. 



-6- 



WO97/06«§5 PCT/US9M34Q9 

DRTAn-Fn nff.gn»nyn^| 4 
As shown in Figure 1, an ablation treatment apparatus 10 includes a 
multiple antenna device 12 of adjustable length. Multiple antenna device 12 
indudes a primaiy antenna 14 with an adjustable or non^djustable eneigy detiveiy 
surftce or length, and one or more secondary antennas 16 that are typically 
introduced fiom a lumen fiwmed at least partially in primary antenna 14. Each 
secondary antenna 16 also has an adjustable or non<uljustable energy defiveiy 
surftce or length. The adjustabiUty of the leiigths permits abkition of a wide 
variety ofgeometric configurations ofa targeted mass. Lengths of primary and 
secondary antennas 14 and 16 can be adjusted, and primary antenna 14 is moved 

up and down, rotationaUy about its longitudinal axis, and back and forth, in ord^ 
to define, along with sensors, the periphery or boundary of the ablated mass and 
ablate a variety of different geometries that are not always symmetrical. 

Primaiy amenna or electrode 14 is constructed so that it can be mtroduced 
percutaneously or laparoscopicly mto a solid mass. Primary amenna 14 can have a 
shaipened distal end 14" to assist mtroduction mto the solid mass. Each secondaiy 
amenna 16 is constructed to be less stracturally rigid than primaiy antenna 14. 
This is achieved by. (i) choosmg differem materials for antennas 14 and 16, 
00 using the same material but having less of it for secondaiy antenna 16, e.g., 
secondary antenna is not as thick as primary electrode 14. or mduding another 
material in one of the antennas 14 or 16 to vary their structural rigidity. For 
purposes of this disclosure^ structural rigidity is defined as the amount of 
deflection that an antenna has relative to its longitudinal axis. It will be 
appreciated that a given antenna wiU have diSferent levels of rigidity depending on 
its length. Primaiy and secondary antennas can be made ofa variety of conductive 
materials, both metallic and non-metalHc. One suitable material is type 304 
stainless steel of hypodermic quaUty. The rigidity of primary antemia 14 is greater 
than secondaiy amenna 16. Depending on the appUcation, the rigidity of 
secondaiy antemu 16 can be about 10%, 25%. 50%, 75% and 90% of the rigidity 
of primaiy antenna 14. Primary and secondary antennas 14 and 16 can be made of 
8 variety of conductive materials, both metaUic and nonmetaUic. In some 
appUcations. secondaiy electrode 16 can be made ofa shaped memory metal, such 
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as NiTi, commercialty available fiom Raychem Corporation, Meiio Paik, 
Califoinia. 

Each of primaiy or secondaiy antenna 14 or 16 can have different lengths. 
Suitable lengths mchide but are not fimited to 17.5 cm,.25.0 cm. and 30.0 cm. 
The actual length of an antenna depends on the location of the targeted soBd mass 
to be ablated, its distance fitmi the skin, its acccssiTiiHty as wett as vi^ 
the physician chooses a laproscopic, percutaneous or other procedure. Further, 
ablation treatment apparatus 10, and more particularly muhiple antenna device 12, 
can be mtroduced through a ginde to the desired tissue mass site. 

An insulation sleeve 1 8 is positioned around an exterior of one or both of 
die primary and secondaiy antennas 14 and 16 respectively. Preferably, each 
insulation sleeve 18 is adjustably positioned so tiiat die length of antenna 
providmg an ablation delivBiysurfice can be varied. Each insubtion sleeve 18 
surrounding a primary antenna 14 can inchide one or more apertures. This 
permits the introduction of a secondaiy antenna 16 tiirough primary ant^ma 14 
and msulation sleeve 1 8. This distance diat a secondaiy antenna 16 extends from 
msulation sleeve defines the lengtii of distal eod 1&. 

One or more sensors 24 may be positioned on interior or exterior surfeces 
of primary antenna 14, secondaiy antenna 16 or msulation sleeve 18. Preferably 
sensors 24 are positioned at primary antenna distal end 14', secondaiy antenna 
distal end 16* and msulation sleeve distal end 18*. Secondaiy antenna 16 can 

extend from insulation sleeve distal end 18- m a latend direction rebtive to primary 
antenna 14, and sensor 24 can be positioned at msulation sleeve distal end 18'. 
Preferably, sensor 24 is positioned at least partially on an exterior surfece of distal 
Old 16*. 

Li is die leqgth of tfie electromagnetic energy delivery surface of primary 
antenna 14. L, is tiie distance &om primary antenna 14 to sensor 24 when sensor 
24 is positioned at least partially on an exterior of distal end 16'. Lj is measured 
from primary antenna 14 along tiie surfece of distal end 16'. In various 
anbodiments. tiie loigtii of Lj is at least equal to or greater than 33.33% of L„ 
50% ofL,, 75% or greater of L,, at least equal to L, oris greater than L,. 
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In one embodiment insulation sleeve can comprise a polyamide material, 
witli a sensor positioned on top of the polyamide insulation, and a .002 inch shrink 
wrap. The polyamide insubiing layer is semi-rigid. The sensor can lay down 
substantially the entire length of the polyamide. 

The present invention provides a multiple antema ablation apparatus. The 
apparatus inchides an electromagnetic energy soano, a trocar indudmg a distal 
end. and a hollow hmien extending along a longitudmal axis of the trocar, and a 
multiple antenna ablation device with three or more antemas. The antennas are 
imtiaHy positioned in the trocar hnnen as the trocar is introduced through tissue. 
At a selected tissue site the antennas aie deployable fiom the trocar lumen in a 
latent direction relative to tiie longitudinal axis. Each of the deployed antemias 
has an electromagnetic energy delivery sur&ce of sufficient size to, CO create a 
volumetric abhttion between tiie deployed antemas. and Oi) create the volumetric 
ablation widiout impeding out any of tiie deployed antemias when 10 to 50 watts 
of electromagnetic eneigy is deliveied from the electromagnetic energy source to 
tiie multiple antenna ablation device. At least one cable couples Uie muhiple 
antenna ablation device to tiie electromagnetic energy source. For purposes of 
tiiis specification tiie term "impeding out" means tijat a tissue area has become 
sufficiently desiccated or cari)onized tiiat tiie desiccated or carbonized tissue area 
has a resultant high electrical resistance tiiat impairs tiie process of creating a 
coagulating lesion. 

An energy source 20 is connected witii multiple antemia device 12 wtii 
one or more cables 22. Energy source 20 can be an RF source, microwave 
source, short wave source, coherent and incoherent or uhrasound source, and tiie 
like. Multiple antenna device 12 can be comprised of primary and secondary 
antennas 14 and 16 tiiat are RF antennas, microwave antennas, as well as 
combinations tfiereof In one embodiment, energy source 20 is a combination 
RF/raicrowave box. Furtiier a laser optical fiber, coupled to a laser source 20 can 
be introduced tiirough one or botii of primary or secondary amennas 14 and 16. 
One or more of the primary or secondary antennas 14 and 16 can be an arm for 
the purposes of introducing the optical fiber. 
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Antennas 14 and 16 are each electromagnet^ 
20. The coupfing can be direct fiom enei]gy source 20 to each antenna 14 and 16, 
or indirect by using a collet, sleeve and the bice which couples antennas 14 and 16 
to enei^ source 20. 

One or more sensors 24 are poationed on mterior or exterior suifiices of 
primary antenna 14, secondary antenna 16 or insulation sleeve 18. Preferably 
sensors 24 are positioned at primaiy antenna distal end 14', secondary antenna 
distal end 16' and msulation sleeve distal end 18*. Sensors 24 pennit accurate 
measurement of temperature at a tissue site in order to determine; (i) the extent of 
ablation, (iO the amount of ablation. Oil) whether or not further ablation is needed 
and Civ) the boundary or perqiriieiyoftiie ablated mass. Further, sensors 24 
prevent non>taigded tissue fiom bemg destroyed or ablated. 

Sensors 24 are of conventional d^ign, inducfing but not fimited to 
thermistors, tiiennocouples. resistive wires, and tiie like. Suitable thermal sensors 
24 include a T type tiwrmocouple wiUi copper constantene. J type^ E type, K type, 
fiber optics, resistive wires, tiiermocouplelR detectors, and tiie like. ItwiUbe 
q)pKdated tiut sensors 24 need not be tiiennal sensors. 

Sensors 24 measure temperature and/or impedtofx to permit monitoring 
and a desired level of ablation to be achieved widwut destroying too much tissue. 
This reduces damage to tissue surrounding die targeted mass to be ablated. By 
monitoring die temperature at various pcaats wiUim tiie interior of tiie selected 
mass, a detennnation of the tumor periphery can be made, as well as a 
detennination of abktion is complete. If at any time sensor 24 detammes 
tiiat a desired ablation temperature is exceeded, tiien an appropriate feedback 
signal is reoewed at energy source 20 which tiien regulates tiie amount of energy 
ddiv^ to primaiy and/or secondary antennas 1 4 and 1 6. 

Thus tiie geometry of tiie ablated mass is sdectable and controllable. Any 
nunAer of diflferent ablation geometries can be adiieved. TMs is a result of having 
variable lengths for primary antoma 14 and secondary antenna 16 ablation 
sur&ces as well as the nichiaon of sensors 24. 
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Preferably, secondaiy antenna 16 is laterally deployed out of an aperture 
26 foimed in primary antenna 14. Aperture 26 is typically positioned along the 
longitudinal axis of primary antenna 14. 

Initially, primary antenna 14 is introduced into or adjacent to a target solid 
mass. Secondary antenna 16 is then introduced out of aperture 26 mto the solid 
mass. There is wide variation in die amount of deflection of secondary antenna 
16. For example, secondary antenna 16 can be deflected a few degrees fiom the 
longitudinal axis of primary antenna 14, or secondary antenna can be deflected in 
any number of geometric configurations, indudmg but not limited to a "7" hook. 
Rirther, secondary antenna 16 is capable of being introduced fiom primary 
antenna 14 a few miffimcters fiom primary antenna, or a much larger distance. 
Ablation by secondaiy antenna 16 can begm a few millimeters away fiom primary 
antenna 14, or secondary electrode 16 can be advanced a greater distance fiom 
primary antenna 14 and at that point the initial ablation by secondary antenna 16 



As fflustrated in Figure 2(aX primary antenna 14 has been introduced into a 
selected tissue mass or tumor 28. Subsequently, secondary antenna distal end 16" 
Is advanced out of aperture 26 and into selected tissue mass 28. Sensor 24 is 
positioned on distal end 16'. Insulation sleeves 18 can be included and may be 
fixed or adjusted. RF, microwave, short wave and the like energy is delivered to 
primary antenna 14, secondary antenna 16. or only to one. Either antenna 14 or 16 
can be active or passive. In secondary antenna is active^ then primary antenna 
distal end 14' inchides a sensor 24. In dns embodiment, L, is the length of the 
electromagnetic energy deUvery surfece of distal end 16', and L, is the distance 
from the tip of distal end 14' to the port positioned in primary antenna 14 fiom 

which secondary antenna 16 laterally extends. Antennas 14 and 16 can be 
operated m a monopolar mode (RF), or akematively. muWple antenna device 12 
can be operated in a bipoUir mode (RF). Multi antenna device 12 can be switched 
between monopolar and bipolar operation and has multiplexing capability between 
antennas 14 and 16. Secondary antenna distal end 16' is retracted back into 
primary antenna 14, and primary antenna is then rotated. Secondary antenna distal 
end Iff is then introduced into selected tissue mass 28. Secondaiy antenna may be 
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introduced a short distance into selected tissue mass 28 to ablate a smaD area. It 
can then be advanced fiirther into aiv miinber of tiim to crea^ 
zones. Again, secondary antenna distal end 16' is retracted back into primaiy 
antoina 14. 

As also flhistrated in Figure 2(8), primaiy antema 14 has been introduced 
into a selected tissue mass 28. Subsequently, secondary antenna distal end 16' is 
advanced out of aperture 26 and into selected tissue mass 28. Sensor 24 is 
positioned on distal end 16'. Insulation sleeves 18 can be mduded and may be 
fixed or adjusted. RF, microwave, short wave and the Gke enei^ is delivered to 
primary antenna 14. secondary antemia 16^ or only to one. Either antenna 14 or 16 
can be active or passive. In secondary antema is active^ then primaiy antemia 
distal end 14' includes a sensor 24. In this embodiment. L, is the length of the 
electromagnetic energy deGveiysuifice of distal end 16'. and L, is the distance 
fiom the tip of distal end 14' to the port positioned in primaiy amemn 14 fiom 

which secondary antenna 16 bterally erteods. Antennas 14 and 16 can be 
operated in a monopolar mode (RF). or alternatively, multiple antenna device 12 

can be operated m a bipolar mode (RF). Multi antenna device 12 can be switched 
between monopolar and bipolar operation and has multiplexing capability between 
amennas 14 and 16. Secondaiy antenna distal end 16' is retracted back into 
primaiy antenna 14, and primaiy antenna is then rotated. Secondary antenna distal 
end 1 6' is then mtroduced into selected tissue mass 28. Secondary antenna may be 

intiDduced a short distance mto selected tissue mass 28 to abtate a smafl area. It 
can then be advanced fiirther into any number of times to create more ablation 
zones. Agam. secondary antenna distal end 16' is retracted back into primary 
antenna 14 

It can then be advanced fiirther into tumor 28 any number of times to 
create more ablation zones. Again, secondaiy antenna 16 is retracted back into 
primary antenna 14, and primary antenna 14 can be^ 0) rotated again, (n) moved 
along a longituduial axis of tumor 28 to begm another series of ablations with 

secondaiy antenna 16 bemg mtroduced and retracted in and out of primaiy 
antenna 14, or (iu) removed from tumor 28. A number of parameters permit 
ablation of tumors, masses of difiEerent sign and shapes including a series of 
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ablations having primaiy and secondary antennas 14 and 16 with variable length 
ablation suifices and the use of sensor 24. 

As iUustrated fai Figure 2(b), primary antenna 14 can inchide one or more 
cooling dements 27. One embodiment of a suitable cooling element 27 is a dosed 
elongated stnicture 27 coupled to a drculating system to introduce a cooling 
element Twoluraenscanbeincoiporated withprimaiy antenna 14, or secondary 
antenna 16, to cany a cooHngmedann to and away fiom antennas 14 or 16. In 
one embodiment, the dunensions are the hunens are; outer hmien 0. 1 1 7 inches 
outer diameter by 0. 088 inches inner diameter, and inner lumen 0.068 inches outer 
diameter by 0.060 inner diameter. The cooling medium enters primary aitenna 
14, absori>s heat generated in the tissue surroundmg primary antenna 14, and the 
heated medium then exits antemu 14. This may be achieved by the use of the two 
lumens, one mtrodudng the ooolmg medium, and the other hunen removing 
heated cooling solution. Heat is subsequently removed from the heated medium, 
and once agam cooled medhan is recirculated through antenna 14. Thisisa 
continuous process. Goofing element 27 need only be positioned , and provide the 
cooUng function, along that section of antenna 14 which has an abhttion energy 
delivery surftce. Insulation sleeve 18 can be slidably adjustable along the length 
of primary antenna 14 or be m a fixed positioned. The exterior of primary antenna 
14 which is not covered by insulation sleeve 18 provides the ablation energy 
delivery surfiice. It is only this sur&ce which becomes heated and charred from 
electromagnetic energy deBvered to adjacent tissue. Thus it is only necessary to 
cod tins sur&ce of antenna 14. and tiie actual coofing by coolmg medium 1 7 can 
be Umited to die abbtion enogy deUvery surfice. 

CooUng medhim may be a refrigerant faiduding but not fimited to «hyi 
alcohol, freon, polydimethlsiloxane. and die fike. CooHng can also be achieved 
with gas expansion cooUng by the Joule-Thompson eflfect. 

In anotiier embodiment of cooUiig dement 27, distal end 14* is again 
dosed, and a cooUng medium 27 flows dmough tiie central lumen formed in 
antenna 14. The cooling medium 27 is coupled to a recffculation system, which 
may be a heat exchanger witii a pump. The rate of fluid flow through primary 
antenna 14 is variable based on a number of diflferem parameters. 
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In yet another embodiment, cooKng dement 27 is an elongated stiucture 
27", including but not limited to a tubular member such as a cylinder, with a 
cooling medium flowing through elongated stiucture 2T (Figure 2(c)). Elongated 
stnwture 27" is positioned wifliin the centnd hanen of primaiy antenna 1^ 
5 extend to distal end 14'. Distal end 14' can be open or dosed. Cooling medium 
is confined within elongated structure 2r. TTiis permits the introduction and flow 
of other mediums through the hollow lumen of primary antenna 14. Secondary 
antennas 1 6 can exit at distal end 1 4', or ahemattvdy. theymayalsoexitalonga 
ade of antenna 14 (Figure 2((0). 

10 Cooltog medium flow through cooling dement 27 can nitroduced through 

a first port, and exit throu^ a second port OPigure 2(e)). 

A variety of di£feratt coolii^ mediums can be used inchiding but not 
limited to gas, cooled air. refiigeraled air. compressed air, fieon, water, alcohol, 
andthelike. Additionally, coolmg dement 27 can be incorporated into the walls 
15 •^efininSPrimaO' antenna 14, and may also be positioned at the ex^ 

antenna 14. The desired cooHngaflfect can be achieved without redrcubtion of 
the cooUng medium. A duller can also be utilized. The combination of flow rate 

of cooling medium and ten^crature is in^ortam to adiieve a desired levd of 
cooling. 

As the amount ofcooKngmcreases, the mweRFenogy effects can be 
distributed over a larger area. Cooling is provided and controUeduntU the end of 
the ablation, at whidi tune the tissue adjacent to antennas 14 and 16 is thm 
ablated. The RF radiation eSbct on tissue is oontroUed by the coolmg conductive 
efifect. 

25 Cooling dement 27 can also be induded with secondary amennas 16, as 

implemented with primary antenna 14. 

Electromagnetic oiergy defivered tfaroU^ primary or secondary antennas 
14 or 16 causes the tissue adjacent to the antenna with the ablation energy ddivery 
surftce to heat, and return the heat to the antenna 14 and 16. Asmoreheatis 

30 ^plied and returned, the chairing effect of antenna 14 and 16 mcreases. This can 

result in a loss of dectromagnetic energy conductwity through the antennas. The 
indusbn of cooling dement 27 does not affect the efiective ddiveiy of 
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electromagnetic eneigy to a taigeted mass. CooUng dement 27 pennits the entire 
targeted mass to be ablated while reducing or eliminating the heating of adjacent 

tissuetoantemiasl4andl6. Coolmg is only necessary where there is an e>tposcd 
antauia 14 and 16 sui&ce. 

As iUustiated in Figure 3(aX ablation treatment device can inchide two or 
more secondary antemias 16 which can be independently or dependently laterally 
deployed along dififerent positions aloQg the longitudinal axis of primary ameraia 
14. Each secondary antenna 16 u advanced out of a separate aperture 26 formed 
m the body ofprimary antenna 14. Multiple secondary antennas 16 can all be 
introduced along the same planes, a plurality of planes or a combination of both. 

In Figure 3(bX two secondary antennas 16 are each deployed out of distal 
end 14' and introduced into selected tissue mass 28. Secondary amennas 16 form a 
plane and the area of ablation extends between the ablatbn surfeces ofprimary 
and secondary antemias 14 and 16. Primary antemia 14 can be introduced in an 
adjacent relation-*- to selected tissue mass 28. This particular deployment is 
particularly usefiil for smaU selected tissue masses 28. or where piercing selected 
tissue mass 28 is not desirable. Primary antemia 14 can be rotated, with secondary 
antennas 1 6 retracted into a central hunen ofprimary antenna 14, and another 
ablation volume defined between the two secondary antennas 1 6 is created. 
Further, primary electrode 14 can be withdrawn from its initial position adjacent to 
selected tissue mass 28, repositioned to another position adjacent to selected 
tissue mass 28, and secondary antennas 16 deployed to begin another ablation 
cycle. Any variety of different positionings may be utilized to create a desired 
ablation geometry for selected tissue mass of different geometries and sizes. 

The creation of a spherical ablation is iUustrated in Figure 4, and tiie 
mation of a culmdrical ablation is illustrated in Figure 5. 

In Figure 6(a), probes 24 and 26 are each deployed out of the distal end of 
electrode 12 and introduced into tiie selected tissue mass. Probes 24 and 26 form 
a plane. 

Antennas 16 can serve the additional function of anchoring multiple 
antenna device 12 in a selected mass, as illustrated in Figures 6(b) and 6(c). In 
Figure 6(b) one or botii amennas 16 are used to anchor and primary amenna or 
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position trocar 14. Further, one or both antennas 16 are also used to ablate tissue. 
In figure 6(c), three antennas are deployed and anchor pihnary antenna or trocar 
14. 

Figure 6(d) iUustrates the hi&sbn capability of nuiltiple antenna device 12. 
Three antennas 16 are positioned m a central hmien 14'' of trocar 14. One or more 
of the antennas 16 can also include a central hunen coupled to an infiision source. 

Central lumen 14" is coupled to an infiision source and delivers a variety of 
infiision mediums to selected places both whhm and outside of the targeted 
ablation mass. Statable tnfiiaon mediums nidude but are not limited to. 
therapeutic agents, conductivity enhancement mediums, contrast agents or dyes, 
andtiKlike. An example ofatiierapeutic agent is a chemotiierapeutic agent 

As shown in Figure 7 insulation sleeve 18 can include one or more hraiens 
for receiving secondary probes 24, 26 as weD as additional probes which are 
deployed out of a distal end of insulation sleeve 18. 

figure 8 illustrates four probes introduced out of diflEerent sidewaU ports 
formed mtiie body of electrode 12. Some or aflofflie probes provide an 
anchoring fonction. 

Referring now to F^vre 9 cunnent deUvered tiirough primary and 
secondaiy antennas 14 and 16 is measured by current sensor 30. Voltageis 
measured by voltage sensor 32. Impedance and power are tiien calculated at 
power and impedance calculation device 34. These vahtes can tiien be displayed 
at user interfece and display 36. Signals representative ofpower and impedance 
vali^ are recdved by craitroller 38. 

In one embodiment, an ablation ^>paranis includes a handpiece, an 
dectrode extending fiom a handpiece distal end, a probe, a tiiermal sensor and an 
energysource. The electrode inchides a distal end and a lumen, a cooKng medium 
inlet conduit and a cooling medhnn exit conduit. Both conduits extend tiirough 
tiie electrode hunen to an electrode distal end. A sidewall port, isolated from a 
cooimg medhim flowing in tiie inlet and outiet conduits, is formed in tiie electrode 

The probe is at least partially positioned in tiie electrode lumen and configured 
to be advanced and retracted in and out of tiie sidewaU aperture. The tiiermal 
sensor is supported by die probe. The decu-ode is coupled to an energy source. 
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As shown in Figure 10, an ablation apparatus 10 includes a liandplece 1 1, 
an electrode 14, a cooling medbm inlet conduit 40, a cooling medium oudet 
conduit 42 and a cap 44, witli tapered distal end, tliat create a closed loop cooling 
system. A variety of diffomt cooling mediums can be used including but not 
limited to gas, cooled air, refiigerated air, compressed air, freon, water, alcohol, 
saline and the like. AfirstsidcwaUport46isfonnedinasidewanofantemia 14. 
A second sidewaU port 48 may also be induded. First and second sidewaU ports 
can be windows finmed in antenna 14 DiMeb create a mechaiucal weak spot in 
antenna 14. A first probe 24 is positioned man electrode lumen and capable of 
being advanced and retracted in and out offirst sidewaU port 20. Anoptional 
second probe 26 is also positkmed in the electrode hraien and is capable of being 
advanced and retracted to a selected tissue ablation side through second sidewaU 
port 48. 

Amenna 14 has an exterior ablatbn energy ddivny sur&ce which delivers 
electromagnetic energy to the selected tissue ablation mass, and may have a 
tapered or sharpened distal end. For the ablation of tumors, antenna 14 can have 
an exterior ablation energy deliver suifice leqgtii of 0.25 inches or less, and an 
outer diamettf fijr antenna 14 of about 0.072 indies or less. 

Eadi probe 24 and 26 can be formed of a variety of materials, induding 
but not limited to stainless sted, shaped memory metals and the Uke. Thesizeof 
probes 24 and 26 vary dependmg on the medical appUcation. For die treatment of 
tumors, probes 24 and 26 have a lengtii extendmg fiom the sidewaU ports into 
tissue of3 cm or less. A first sensor SO can be supported by probe 24 on an 
interior or exterior sur&ce. First sensor 50 is preferably positioned at a distal end 
of probe 24. A second sensor 52 nuty be positioned on probe 24 somewhere 
intermediate between an exterior sur&ce of antemia 14 and tiie distal end of probe 
24. Preferabty, second sensor 50 is located at a poation v/hen it can sense 
temperature at a nudpoim in a sdected tissue ablation volume. Second sensor 52 
Is usefiil to determine if probe 24 has encountered an obstmction, such as a blood 
vessel, to tiie ablation process. If first sensor 50 measures a higher temperature 
tiian second sensor 52, tiien this can mdicate that second sensor 52 is close to a 
drculatoty vessel. When tins occurs, ablation aiergy is carried away by the 
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vessel. Similarly, secomi probe 26 can also include one or more sensors. Atiiinl 
sensor 54 can be positioned at an exterior sur&ce of antenna 14. 

Sensors 50, 52 and 54 pennit accurate measurement of temperature at a 
tissue site in order to determine. 0) the extent of ablation. Oi) the amount of 
ablation, (ui) whether or not further ablation is needed and (iv) the boundary or 
periphery of the ablated mass. Further, sensors 50. 52 and 54 prevent non- 
targeted tissue fiom bong destri^ or ablated. 

Sensors 50, 52 and 54 are of conventional design, indudiog but not 
limited to thcnnistors,d>ennocouple8, resistive wires, and the like. Suitable 
thennal sensors 24 include a T type thennocouple with copper constantene; J 

type, E type, K type, fiber optics, resistwe wires, tbennocouple IR detectors, and 
thelike. Sensors 50, 52 and 54 need not be thermal sensors. 

Sensors 50, 52 and 54 measure temperature and/or impedance to pennit 
monitoring and a desired level of ablation to be achieved without destroying too 

muchtissue. This reduces damage to tissue suirounding the targeted mass to be 
ablated. By monitoring the temperature at various pohits within the interior of the 
selected tissue mass, a deteniiination of the selected tissue mass peripheiy can be 
made, as weU as a determination ofwhen ablation is complete. If at anytime 
sensor 50. 52 or 54 detennines that a deshed ablation temperature is exceeded, 
then an appropriate feedback signal is recehred at energy source 20 which then 
regulates the amount of eneigy detivered to antenna 14, as more fiiUy explained 
hoteafter. 

Antenna 14 is coupled to an electromagnetic energy source 20 by wiring, 
soldering, connection to a common couplet, and the like. Antenna 14 can be 
mdependently coupled to electromagnetic energy source 2- fiom probes 24 and 
26. Antenna 14, and probes 24 and 26 may be multiplexed so that when energy is 
deUveredtoantennal4itisnotdeUveredtoprobes24and26. Electromagnetic 
eneigy power source can be an RF source, microwave source, shortwave source, 
and the like. 

Antona 14 is constructed to be rigid enou^ so that it can be introduced 
percutaneously or laparoscopkally through tissue without an introducer. The 
actual length of antemia 14 depends on die location of the selected tissue mass to 
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be ablated, its (fistance fiom the skin, its accessilHIity as well as whaher or not the 
pfaysidan chooses a laparoscopic, percutaneous or other procedure. Suitable 
lengths inchide but are not Umited to 17.5 cm, 25.0 cm. and 30.0 cm. Antenna 14, 
can be mtroduced through a guide to the selected tissue ablation dte. 

An insulati(m sleeve 18 can be positioned m a surroumfing relationship to 
an exterior sur&ce of antenna 14. Insulation sleeve 18 can be moveable drng 
electrode's 12 exterior surfiu» in order to provide a variable length ablation energy 
ddiveiysuiftce. 

Li one embodimoit, insulation sleeve 18 can comprise a polyimide 
material A sensor may be poationed on top of potyimide huulation sleeve 18. 
Polyamide insulation sleeve 18 is semi-i^d. The sensor can 1^ down 
substantially along the entire lengtii of polyimide insulation sleeve 18. Handpiece 
1 1 can serve the fimction of a han^ece and include markings to diow the lengtii 
of insulation sleeve 18 and tiie lengtii of electrode's 12 oqKised ablation ener^ 
delivery surfice. 

Refening now to Figure 1 1, cap 44 is illustrated as creating a closed loop 
cooling medhmi flow channel Cap 44 is secured to tiie distal ends of conduits 40 
and 42 Iqr a variety of means, including but not Ihnited to welding, soldering, 
application of an epojqr, and tiie like. Cap 44 can have a stq> vAiich is secured to 
the distal end ofantoma 14 by soldering, welding, press at and tiie like. Instead 
of cap 44, a "U joint can be formed at the <fistal aids of condiuts 40 and 42, as 
shown mRgure 12. 

Referring to Figure 13, only a pwtion of dectrode has an interfece with 
cooBng medwm inlet conduit 40. However, die diameters of cooling medium inlet 
condiut 40 and antenna 14 are dnnensioned so tiiat a tissue interfece formed 
adjacent to tiie octerior sur&ce of amenna 14 does not become sufficiently 
desiccated and charred to prevent the transfer of energy tiirough tiie selected 
tissue ablation site to the periphery of the site. 

The creation of a 4 cm diameter spherical ablation is illustrated m Figure 
14. A 4 cm ablation energy ddivery sur&ce of antenna 14 is exposed. 

Electromagnetic «iergy deliv«ed by antenna 14 causes the electrode/tissue 
uiterfece at the electrode ablation delivwy surfece to heat, and return die heat to 
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antenna 14. As more heat is applied and returned, the chairing eflBsct antenna 14 
increases. This can result in a loss of electroniagnetic energy conductivity through 
the selected tissue site. The inclusion of cooling with antenna 14 does not a£Ebct 
the effective delivery of electromagnetic energy to the selected tissue ablation site. 
Cooling permits the entire selected tissue ablation site to be ablated whUe reducing 
or diminating the heating of the dectrode^tissue intei&ce tissue. 

Figure 15 iUustrates a block diagram of a temperatwe/impedance feedback 

system that can be used to control cooling medium flow rate through antenna 14. 
Hectromagnetic energy is delivered to antenna 1 4 by energy source 34, and 

applied to tissue. A monitor 60 ascertains tissue impedance^ based on the energy 
delivered to tissue and conqjares the measured nnpedancevahie to a set value, if 
the measured impedance exceeds the set vahie a disabling signal 62 is transmitted 
to energy source 20, ceasing fimherdefiveryofeneigy to antenna 14. Ifmeasured 
impedance is within acceptable limits, energy continues to be appHed to the tissue. 
During the application of eneigy to tissue sensor 64 measures the temperature of 
tissue and/or antenna 14. A comparator 68 receives a signal representative of the 
measured temperature and compares this value to a pre-set signal representative of 
the desired temperature. Comparator 68 sends a signal to a flow regulator 70 
representing a need for a higher cooling medium flow rate, if tiie tissue 

temperature is too high, or to mamtam the flow rate if the temperature has not 
exceeded the desired tonpoature. 

Referring now to Figure 16, enagy source 20 is coupled to antenna 14, to 
apply a biologically safe vokage to die selected tissue site. Both electrodes 14 and 
72 are connected to a primary side of tninsformervrindings 74 and 76, The 
common primary winding 74, 76 is magnetically coupled with a transformer core 
to secondary windings 78 and 80. 

The primary windmgs 74 of die first transformer t, couple the output 
voltage of ablation apparatus 10 to the secondary wmdings 78. The primary 
wmdings 60 of die second tnusformer t^ couple tiie output current of ablation 
apparatus 10 to the secondary windii^ 80. 

Measuring circuits determine die root mean square (RMS) values or 
magnitudes of tiie current and voltage. These vahies, represented as voltages, are 
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inputted to a diving dicuit D to geometricaliy calculate^ by dividing the RMS 
voltage value by the RMS cunent value; the impedance of the tissue site at sensor 
68. 

The outjmt voltage of the divider draiit D is presented at the positi^ 
input tenninal of comparator A. A voltage source V, suppUes a voltage across the 
variable resistor ^ thus aUowing one to manually adjust the voltage presented at 
the negative input of comparator A. ThU voltage represents a nuudmum 
impedance vahie beyond which power wiO not be applied to antenna 14. 
Specifically, once the dssue is heated to a temperature corresponding to an 
impedance vahie greater than the maximum cut-off impedance, energy source 20 
stops supplybg energy to antenna 14. Comparator A can be of any of a 
commercially available type that is able to control die amplitude or pulse vwdth 
modidatim of eneigy source 20. 

The flow rate of cooling medhmi can be controUed based on the tissue 
impedance, as represented by signal 82, or based on tissue temperature, as 
represented by signal 84. In one embodnnent, the switch S is activated to allow 
die impedance signal 82 to enter the positive (+) input tenninal of comparator A. 
This signal along widi the reference voltage applied to the negative (-) input 
tenninal actuates comparator A to produce an output signal. If the selected tissue 
ablation site is heated to a biologicaUy damaging temperature, the tissue 
hnpedance wiO exceed a selected impedance value seen at the negative (-) input 
termfaial, thereby generating disabling signal 62 to disable energy source 20, 
ceash^ the power suppEed to antenna 14. 

The output signal of comparatOT A can be communicated to a pump 86. If 
the temperature of the selected tissue ablation site is too high, despite the tissue 
impedance Ming within acceptable limits, pump 86 adjusts the rate of cooling 
medium flow applied to antenna 14 to decrease the temperature of antenna 14. 
The output signal of comparator A may either disable energy source's 20 energy 
output, depending on the tissue temperature as reflected by its impedance, or cool 
antenna 14 or perform both operations simultaneously. 

The foregoing description of a prefened embodiment of the invention has 
been presented for purposes of iUustration and description. It is not mtended to be 
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exhaustive or to limit the invention to the precise fonns disclosed. Obviously, 
many modifications and variations wiU be apptam to pnictitioners sldUed in this 
art It is intended that the scope of the inventbn be defined by the foUovving 
claims and their equivalents. 
What Adorned is: 
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U An ablation apparatus, comprising: 

a multiple ant^ina dewce including a primary antenna with a lumoi and a 
longitudinal axis, and a secondaiy antenna deployable from the himen in a lateral 
direction relative to the longitudinal axis, wherein at least a distal end of each 
secondary antenna is structurally less rigid than the primaiy antenna, and the 
primary antenna is suffidemly rigid to be introduced throu^ tissue; 

an energy source; 

at least one cable coiq)ling the multiple antmna device to the energy 
source; and 

a cooling element coupled to the primary antenna. 

2. The apparatus of cimm 1, wherdn the primary antenna has an 
ablation surfice with a length that is at least 20% of a length of an ablation surface 
of the secondaiy antenna. 

3. The apparatus of claim 1, whmin the primaiy antenna has an 
ablation surface with a length that is at least one-third of a length of an ablation 
sur&ce of the secondary antenna. 

4. The apparatus of claun 1, wherein the primary ant^a has an 
ablation sur&ce with a length that is at least one-half of a length of an ablation 
sur&ce of the secondary ante nna 

5. The apparatus of claim 1, wherein two secondary electrodes are 
provided and laterally deployed from the primary antenna, each of the primary and 
secondary antennas having an ablation surface to create an ablation volume 
between the ablation sur&ces. 

6. The apparatus of claim 1, wherein three secondary electrodes are 
provided and laterally deployed from the primary antenna, each of the primary and 
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secomiary amennas having an ablatiim suifece to aeate an abla^ 
betwem the ablation sur&oes. 



10 



7. The apparatus of daim 1, further comprising: 
an insulation sleeve positioned in a surrounding relationship around at least 

a portion of an ext^or of the primaiy antenna. 

8. The ^)paratusofctaim 7, wherein the insuladon sleeve is 
acQustabiy moveable almg an octerior of the primaiy antenna. 

9. Tlie apparatus of daim I, fiirther comprismg: 

an tosulation sleeve positioned in a surrounding relationship around at least 
a portion of an exterior of the secondary antenna. 

10- The apparatus of daim 9, wherein the msulation sleeve is 
ai^ustabfy moveable along an exterior of the secondary antenna. 

11. The apparatus ofdahn I, fiirdierinduding a ground pad electrode 
and the primary and secondary amemus qpeiate in a monopolar mode. 

20 

12. The apparatus of claim 1, wherdn the primaiy and secondary 
antennas are RF antennas. 

13. The ^aratusofdaiml,T»4)eran die oooUng dement cools the 
25 Pranaiy antenna substantially only where the primaiy antenna has an ablation 

energy delivery surftce. 

14. The apparatus of daim 1, wherdn tiie cooling element cwnprises: 
a structure positioned in an interior of tiie primary antenna inchiding at 

30 least one channd configured to receive a cooling medium. 
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15. The ai>paratus oiclsam 14. wberan the cooling medium is 
reditulated tiuough the channeL 

16. The apparatus of daim 1, wherein the distal end of the primary 
antenna is open. 

17. The apparatus of damn 1, wherein the distal end of the primary 
antenna is dosed. 

18. The apparatus of daim 1, wherein the cooling dement is positioned 
in an interior of the primary antenna. 

19. The apparatus of daim 1, wherem the cooling dement is positioned 
at an exterior surfiwe of the primary antenna. 

20. The apparanisofdaiml, wherein the cooling dement is positioned 
withm a wall defimng the primary antenna. 

21. A mediodfer creating an ablation volume in a sdected tissue mass, 
compriang: 

providing an ablation device with a primary antenna, one or more 
deployable secondaiy antennas housed in a primary antenna himen foimed in the 
primary antenna, a cooling element coupled to tiie prinuay antenna and an energy 
source coupled to the antomas to ddiver dectromagnetic energy; 

inserting the primary antenna into the sdected tissue mass; 

advancmg at least one secondary antenna into tiie sdected tissue mass 
from tiie primary antenna lumen in a lateral direction rdative to a longitudinal axis 
of the primary antenna; 

cooling an ablation surfece of tiie primary antwma; 

delivering electromagnetic eneigy from one of tiie primary antenna 
ablation surface, a secondary antenna ablation sur^ or botii to tiie sdected 
tissue mass; and 
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creating an ablation volume in the selected tissue mass. 

22. The method ofclam 21, whacin two secondary antennas, each 
having an ablation suifiu», are advanced fiom the prinuity ante^ 
volume is created between the two seoondaiy antennas ablation smbces and the 
primary electrode ablation sur&ce. 



23. The method ofclaim 22, wherein the two secondary antemuB are 
advanced out of a distal end of die piimaiy antenna. 

24. The method of chum 22, wherem the two secondary antennas are 
advanced out of sq)arate ports formed in the primary antenna. 

25. The method ofdaim 22, whweto the two secondary amennas are 
advanced fiom the primary antenna and define a pteneL 

26. The method ofdaim 21, y*erdn three secondary antennas are 
advanced fiom the primary anfenna, 

27. The m«hod(rfctaim 26, \»*erdn each ofthe three secondary 
antennas and the primary antenna has an ablation surfece. and an ablation vohune 
is formed between the ablaticm sur&ces of the attennas. 

28. The method ofdafan 21, whcrdn the primary electrode has an 
ablation sur6ce that is at least equal to 20% or more of an ablation surfece of the 
seccmdaiy anteima. 



29. The method of daim 21, \)(*erdn the primary electrode has an 
ablation surfece that is at least equal to one-third or more of an ablation surfece of 
the secondary amenna. 
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30. The method ofclaim 21. vAereln the primary dectrodeh^ 

ablaticm aiifiu» that » at least equd to one-half or more of an aW^ 
the secondary antenna. 

31. The method ofdaim 21, wherein the primaiy and secondaiy 
antennas are operated in a mono-polar mode. 

32. The method ofdaim 21. wherein the ablation device is operated in 
a bipolar mode. 

33. The method ofdaim 21, wherdn the dectromagneticeneigy is RF 

energy. 

34. The method ofdaun 21, wherein an ablation suffice of the primaiy 
amenna is cooled suffidendy to prevent the ablation surface from impeding out 



while dectramagnetic energy is delivered to the selected tissue 



mass. 



35. The method of daun 21. wherein an ablation surfece of the primaiy 
antenna is cooled suffidently and the sdected tissue mass between the ablation 
surfece of the primaiy amenna and an ablation suifece of the secondaiy amemia is 
ablated without the primaiy antenna m^eding out. 

36. An ablation apparabis, comprisii^: 
a handpiece 

an dectrode extending from a handpiece distal end, the dectrode including 
a distal end, a hmien, a cooling medium inlet conduit and a cooling medium exit 
conduit both extending through the dectrode lumen to the electrode distal end, 
the dectrode further induding a sidewall port isolated from a cooUng medium 
flowuig m the inlet and outlet conduits; 

a probe positioned in the electrode lumen and configured to be advanced 
and retracted in and out of the sidewall aperture; 

a thermal saisor supported by the probe; and 
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an energy source coiqiled to theelectiode. 
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37. The apparatus of claim 36, whcrdn the recirculating cooling device 
forms a dosed loop at the dectrode distal end. 

38. The apparatus of claim 36. wherein the electrode lumen is 
configured to receive an in&sion medium that remains isolated fiom the cooling 
medium. 

39. The apparatus ofclaim 38, wherein the infusion medium is 
introduced through a proximal end of the electrode lumen to a tissue site through 
the port 



40. The apparatus of claim 36, fiirther comprisir^: 

an advancraient and retraction member coupled to the probe. 

41 . The apparatus of claun 36, wherdn at least a portion of the probe 
is an electrode coupled to the energy source. 



20 



42. The q>paratus of claim 36, wherein two thermal sensors are 
supported by the probe. 



43. The apparatus of daim 42, wherein a first thermal sensor is 
positioned at a distal end of the prober and a second thermal sensor is positioned 

25 at a nonrdistal end location of the probe. 

44. The apparatus of claun 36, wherein the thermal sensor is positioned 
at a distal end of the probe. 

30 45. The apparatus of daim 36, fiirthCT comprising: 

an insulation sleeve positioned around an exterior surface of the dectrode. 
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46. The apparatus of claim 45, wh^dn the insulation sleeve is 
moveable along a longitudinal axis of the electrode. 



47. The apparatus of claim 36» further comprising: 
a second sidewall port fonned m the electrode. 

48. The apparatus of daim 47, further comprising: 

a second probe positioned in the electrode lumen and configured to be 
advanced and retracted in and out of the second sidewall por^ and 
a second thermal smsor supported by the second probe, 

49. The apparatus of claim 36. wherein the first and second conduits 
are constructed to add structural support to the electrode. 

50. The apparatus of daim 36, wherdn the probe has a distal end 
geometry configured to retain tfie dectrode is a fixed position when the probe is 
dq)loyed fiom the port. 

5 1 . The apparatus of claim 36, wherein the first and second conduits 
are portioned adjacent to each other in the dectrode lumen. 

52. The apparatus of claim 36, fiirther comprising: 

a comparator device to compare a measured temperature of a tissue site to 
a predetermined temperature value and generating a signal representative of a 
diflFerence between tiie measured temperature and tije predetermined temperature. 

53. The apparatus of claim 52, further comprising: 

a fluid control device for regulating a rate of flow of the cooling medium 
through the dectrode lumen to response to die signal from the comparator device 
representative of the temperature difference to m^tain the measured temperature 
at or below the predetermined temperature. 
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54. The apparatus of daim 36, further comprising: 

an energy output control dewce coupled to the energy source. 



55. The apparatus of daim 54, wherein the.energy output control 
5 device comprises: 

a impedance measuring device for measuring an impedance value of tissue 
based on an energy applied to the tissue; 

an impedance conq)arator dewce fi»r comparing the measured impedance 
value of tissue to a predetemuned maamum impedance value, the inq)edance 
0 comparing device generating a disabling agnal if tiie measured impedance vahie 

exceeds the pred^ermined masdmum impedance vahie; and 

a commuiucation device for commumcating the disabling signal to the 
energy source to cease fiutfaer ddiv^ of Clergy fix>m tfie ener^ source to the 
electrode. 

5 

56. The apparatus ofdaim 55, fijrtiiff comprising: 

a cooling medium control device for regulating rate of flow of cooling 
medium throug^i the dectrode lumen in response to tiie signal fiom the impedance 
comparing device representative of die impedance difference to mamtain the 
0 measured in^edance vahse at or bdow tiie predetermined maximum impedance 

value. 



57. An ablation apparatus, comprising: 
a handpiece 

25 an dectrode eTEtendmg from a handpiece distal end, the dectrode including 

a distd end, a lumen, a cooling medium inlet conduit and a cooling medium exit 
conduit botii extending through the dectrode lum^ to tiie dectrode distal end, 
tiie dectrode fiirther including a sidewall port isolated fiom a cooling medium 
flowing in the inlet and outi^ conduits; 

30 a cooling medium source coupled to the inlet conduit; 

an energy source coupled to the electrode; 
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a temperature sensor coupled to the electrode and the enetgy source for 
sensing a tempmture at a selected tissue ablation site; 

a comparator for comparing tiie temperature at tiie selected tissue ablation 
site witii a predetmnined temperature value and generating a agnal rq)resentative 
of the temperature difference and 

a fluid control device for regulating a rate of flow of coolmg medium 
through tfie inlet and outiet conduits in response to tiie ^gnal fiom tiie comparator 
representative of a temperature difference to maintain tiie measured temperature at 
tiie selected tissue site at or below tiie predetermined temperature value. 

58. The apparatus of daim 57. wherein the cooliqg mecfium udet and 
outiet conduits form a closed loop at die electrode distal end. 

59. The apparatus of claim 57, fiirther comprising: 

an insulation sleeve portioned around an exterior sur&cc of tfie electrode. 

60. The apparatus of daim 59, wherdn tfie insulation sleeve is 
moveable along a longitudinal axis of the dectrode. 

61 . The I4>paratus of daim 57, fiirtiier conq)rising: 

a probe positioned in the insulation sleeve and configured to be advanced 
and retracted in and out tiie insulation sleeve tiirough an insulation sleeve port. 

62. The apparatus of claim 57, further comprising: 

an advancement and retraction member coupled to tiie probe, 

63. The apparatus of claim 61, wherein at least a portion of tiie probe 
is an electrode coupled to the energy source. 

64. The apparatus of daim 57, wherein tiie sensor is supported by the 

probe. 
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65. The apparatus ofclaim 64, wAerein the thennal sensor is 
at a distal end of the probe. 

66. The ^paratusofdaim 61, vdieidn two thermal sensMs are 
siq>poited by the probe. 

67. . The apparatus ofclalm 61, wherein a first thennal sensor is 
positioned at a distal end of the probe, and a second thennal sensor is positbned 
at a non-distal end location of the piobe. 

68. The ^aratus of daim 57, further oonqtriang: 
a second adewaO port formed in the dectrode. 



69. The apparatus ofdaim 57, wherein the first and second conduits 
15 "reconstructed to add structural siq)pat to Aeelectfode. 

70. The apparatus ofdahn 61, wherein the probe has a distal end 
geometry configured to retain the electrode u> a fixed position when the probe is 
dq>loyed fixun the port. 

71. The apparatus ofdaun 57, wherdn the first and second conduits 
are portioned adjacnit to each other m the dectrode hunen. 

72. A method fijr creating an ablation volume in a sdected tissue mass, 
comprisii^: 

providing an ablation device inchiding a handpiece, an dectrode with a 
distal end. a himen, and a sidewaU port isolated fiom a cooling medium flowing 
through the dectrode. a probe positioned in the handpiece himen and configured 
to be advanced and retracted in and out of the sidewall aperture and a thermal 
sensor supported by the probe; 

inserting the dectrode into the sdected tissue mass; 
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creating a tissue intei&ce adjacent to an electrode electromagnetic enei^ 
deliveiy sur&ce; 

advancing a distal end of the probe from the aperture into the selected 
tissue mass; 

coofing at least a porticm of the electrode electromagnetic enogy delivery 
sur&ce; 

ddiveiing electromagnetic energy fiom the electrode electromagnetic 
Clergy ddiveiy sur&ce to the selected tissue mass; 

measuring tempoatuie at a site in the sdected tissue mas^ and 
creating an ablation vohmie in the sdected tissue mass. 

73. The method of dafan 72, wherein the thermal sensor is positioned 
at a peripheiy of a selected ablation vohune. 

74. The method ofdaim 72. wteeintiiefliermalsaisor is positioned 
between tiie electrode and a peripheiy of a selected ablation volume. 



75. The metiiod of daim 72, wherdn tenq)erature is measured at more 
tian one location in die selected ablation vohune while electromagnetic energy is 

20 ddivered fixmi tiie dectrode. 

76. The metiiod of daim 72, wherein temperature is adjustably 
measured in tiie selected ablation volume wfaUe dectromagnetic energy is 
delivered from the dectrode. 



25 



77. The mediod of daim 72, wherein a second sensor is supported by 
the probe. 



78. The method of claim 72, wherein the sensor is positioned at a distal 
30 end of tiie probe, and a second sensor is positioned on tiie probe between tiie 

distd end of tiie probe and an exterior surfece of the electrode. 
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79. The method of daim 72, further compriang: 
introducing an infusion medium through die aperture. 

80. The mediod of chum 79, wherdn die infusion medium is isolated 
5 fiiom the cooling medmm. 

81. The mediod of claim 72, whereui the tissue mterfice is heated to a 
temperature exceecfing SO d^rees C when dectrom^nedc eoogy is delivered to 
the selected tissue site. 

82. The mediod of daim 72, wherdn a deployed cfistal end of the 
probe fixes the dectrode m a sdected positioa 

83. The mediod of daim 72, fiirther comprismg: 
measuring a tempmture of die sdected tissue site at the sensor, 
comparing die measured tenqserature of the selected tissue ^e at the 

sensor to a pred^ornuned temperature vahie and generating a signal 
representative of a difference betwera the measured temperature and the 
predetermined temperature valu^ and 

transmitting to an dectromagnetic energy source coupled to the dectrode 
a signal to cease fiirther dectromagn^c energy ddivery if the measured 
temperature exceeds the predetemmied temperature. 

84. The mediod of ckdm 72, furtho* comprising: 
measuring an nnpedance of the sdected tissue ate at the sensor; 
comparing the measured inqpedance of die sdected tissue site at the sensor 

to a predetermined impedance value and generating a signal representative of a 
difference between the measured unpedance and die predetermined impedance 
value; and 

transmitting to an electromagnetic energy source coupled to the electrode 
a signal to cease fiirther dectromagnetic energy delivery if the measured 
impedance exceeds the predetemuned impedance value. 
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85. The method ofdaim 72, fiirtfaer comprising: 
measuring a temperature of the selected tissue site at the sensor; 
conq)ariiig the measured temperature of the selected tissue site at the 

sensor to a pnedetemuned temperature vahi^ and 

adjusting a flow rate of cooling medium throiigh the electrode based on the 
diflference between the measured temperature and the predetermined temperature 
value. 

86. The method ofdalm 72, wherem a flow rate of cooling medmm 
flowing through the inlet and outlet conduits is Scorn I to SO ml per minute 
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